Introduction: nab-Paclitaxel plus gemcitabine (nab-P ? G) and FOLFIRINOX (FFX) are among the most common first-line (1L) therapies for metastatic adenocarcinoma of the pancreas (MPAC), but real-world data on their comparative effectiveness are limited. Methods: This retrospective cohort study compared the efficacy and safety of 1L nab-P ? G versus FFX, overall and under specific treatment sequences. Medical records were reviewed by
INTRODUCTION
Pancreatic cancer (PC) is the fourth leading cause of cancer-related death in both men and women in the USA [1] [2] [3] . Despite dramatic therapeutic improvements, the prognosis of PC remains poor [4] . Standard treatments include surgery, radiation therapy, chemotherapy, chemoradiation, and targeted therapy [2, 3] . Surgical excision is highly effective, but is not suitable for 80-85% of patients because PC is typically detected after it has spread to lymph nodes or distant organs [2] . About 60% of PC patients have metastatic disease at the time of diagnosis, with a median life expectancy of around 1 year with current treatments [5] [6] [7] .
Current treatment options for metastatic adenocarcinoma of the pancreas (MPAC) often involve monotherapy or combination therapies with active agents such as gemcitabine, nab-P, erlotinib, capecitabine, cisplatin, leucovorin, fluorouracil (5-FU), oxaliplatin, and irinotecan [3] . Gemcitabine monotherapy was established as a standard of care in 1997 for metastatic PC after demonstrating greater clinical benefit over 5-FU therapy [2, 8] . In 2011, the ACCORD trial showed that the FFX regimen (5-FU ? leucovorin ? irinotecan ? oxaliplatin) was superior to gemcitabine alone in terms of efficacy [median overall survival (OS) of 11.1 (FFX) and 6.8 months (gemcitabine)] although it was also associated with increased toxicity [9] . The combination of nab-paclitaxel plus gemcitabine (nab-P ? G) was approved for the first-line (1L) treatment of patients with MPAC in 2013 on the basis of results from the MPACT trial [10, 11] . This combination was shown to lengthen survival (median OS of 8.5 months in the nab-P ? G group vs. 6.7 months in the gemcitabine alone group) and delay the disease spread.
The choice of 1L chemotherapy for MPAC is influenced by the patient's overall health [e.g., Eastern Cooperative Oncology Group (ECOG)
performance status] and risk of adverse events. Current guidelines recommend nab-P ? G for patients with ECOG B 2 [or Karnofsky performance status (KPS) C 70] and low bilirubin levels, and FFX for patients with ECOG B 1 and low bilirubin levels [2, 3] . Other options for 1L treatment for patients with good performance status include gemcitabine-based combination therapy and fluoropyrimidine/leucovorin/oxaliplatin [3] .
When the initial chemotherapy regimen ceases to control cancer growth or if patients experience toxicities, patients may benefit from second-line (2L) chemotherapy. For example, a patient who started treatment with nab-P ? G may switch to FFX, or a related regimen, as 2L therapy, and vice versa [3] . In 2015, the FDA approved nanoliposomal irinotecan (nal-IRI) as the first drug specifically indicated for use as 2L treatment for PC [12] . Among patients who had previously received a chemotherapy regimen containing gemcitabine, nal-IRI improved survival when given in combination with 5-FU and leucovorin (patients treated with nal-IRI/5-FU/ leucovorin had a median OS of 6.1 months vs. 4.2 months for 5-FU/leucovorin only) [13] .
Though the aforementioned randomized controlled trials led to the approval of new treatments for MPAC, there has been no headto-head trial comparing these new treatments to one another. Particularly, there is as yet no head-to-head trial comparing nab-P ? G versus FFX in the 1L setting, and there are some important limitations to their comparative evidence in real-world settings. A recent indirect comparison study found that FFX was associated with improved OS compared to nab-P ? G, and had a comparable safety profile, suggesting FFX as the more cost-effective option for 1L therapy [14] . A Bayesian mixed treatment comparison similarly found an 83% probability that FFX was the best regimen versus 11% for nab-P ? G, with OS hazard ratio (HR) favoring FFX versus nab-P ? G (although not statistically significant), and no obvious difference in toxicities [15] . Another recent indirect comparison of the efficacy and safety of these two regimens found, however, that the OS for nab-P ? G was larger than that of FFX, although the survival benefit was not statistically significant [16] .
Incorporating cost rendered nab-P ? G as the economical choice of both regimens. Moreover, two recent retrospective studies concluded that the median OS values in MPAC patients treated with 1L nab-P ? G or FFX were not statistically different [17, 18] . With these conflicting results, the indirect comparative evidence for nab-P ? G and FFX as 1L therapies for MPAC may be viewed as inconclusive.
With the advent of additional treatment options, such as nal-IRI in the 2L setting following 1L gemcitabine-based regimens, there is an increasing need to understand changes in treatment patterns and real-world comparative effectiveness across all lines of therapy in MPAC. The present study follows a retrospective cohort design and collects recent real-world data from USA medical records to (i) describe treatment patterns for patients who initiated MPAC treatment with 1L nab-P ? G or FFX and potentially sequenced to 2L regimens and (ii) compare OS outcomes associated with different treatment sequences.
METHODS

Study Design
This study used a retrospective cohort design, with data collected from medical records, to represent clinical practice, i.e., care was not driven by a study protocol.
Physician Recruitment
Oncologists were recruited from a nationwide panel of physicians with verified credentials who had pre-registered to be invited for participation in retrospective chart reviews. This address-based panel was maintained by Schlesinger Associates. To support the objectivity of patient sampling and data entry, participating physicians were not informed of the research objectives or the identity of the study sponsor. Physicians were instructed to identify all charts meeting the selection criteria and to randomly select up to five of those charts for data extraction. Physicians were characterized in terms of their geographic location, medical specialty, and practice setting.
Patient Inclusion and Exclusion Criteria
Eligible patients had to meet the following inclusion criteria: diagnosed with MPAC; initiated on any 1L regimen for MPAC among nab-P ? G and FFX from April 1, 2015 to December 31, 2015 (i.e., the index window); aged at least 18 years at 1L therapy initiation; under the care of a participating physician for MPAC treatment at 1L therapy initiation; medical records were available for review from the initiation of 1L therapy until the most recent follow-up visit with the physician or death. Exclusion criteria included the use of other chemotherapy regimens for PC tumor control on the date of 1L treatment initiation (aside from nab-P ? G or FFX; bone-targeted agents, treatments to manage symptoms and/or adverse events were allowed), and enrollment in a protocol-driven clinical study at the time of first-line therapy initiation. The index window was designed to ensure (1) patients had a minimum follow-up time of 9 months (based on the median OS of 1L nab-P ? G) after initiation of 1L treatment, (2) patients had the opportunity to receive nal-IRI in the 2L setting after its FDA approval, and (3) timely data collection and reporting.
Data for included patients were extracted by the participating physicians and entered into a secure electronic case report form (eCRF). The eCRF was designed by all study authors and included extensive real-time error checking for the ranges of collected variables and temporal sequences of events. Responses of ''unknown/ missing'' were allowed. The eCRF was pilot tested with two oncologists to ensure patient selection criteria and requested data elements were clearly described. Data collected in the eCRF were personally non-identifiable. The eCRF and study synopsis were reviewed by the New England Institutional Review Board, which granted exemption from a full review for this retrospective and non-interventional study of non-identifiable data.
Sample Selection
Patients were categorized into two study cohorts: (1) patients who initiated nab-P ? G as 1L therapy, (2) patients who initiated FFX as 1L therapy. This study employed a sequential approach to data collection, with two waves of patients obtained from two waves of invitations sent to non-overlapping sets of physicians. Patients in wave 1 (34.1% of the entire sample) were used to estimate the real-world frequencies of different treatment sequences, including nab-P ? G or FFX followed by an active 2L treatment, hospice and supportive care only, or no 2L treatment. All patients in wave 2, however, received an active 2L treatment in order to increase the sample size of patients with an active 2L treatment and better assess the types of therapy and associated survival outcome in patients who received more than one line of chemotherapy. The proportions of patients following different treatment sequences in wave 1 were used to construct sampling weights to adjust for the oversampling of patients with an active 2L treatment imposed in wave 2. Statistical analyses incorporated these weights to estimate the true real-world distribution of treatment sequences and outcomes.
The main outcome of interest was OS, defined as the time from initiation of the 1L therapy to death from any cause. Patients' baseline characteristics, assessed prior to the initiation of 1L therapy, included demographics, comorbidities, metastatic sites, performance status, laboratory measures, and prior PC treatment, with the complete list provided in Table 1 . Tolerability outcomes and treatment patterns were also collected.
Statistical Analyses
A chart describing the percentages of patients following each possible two-line treatment sequence was presented, which incorporated sampling weights derived from wave 1 and the sampling scheme imposed in wave 2 to recover the true real-world distribution of treatment sequences.
Means and standard deviations were calculated for continuous variables; counts and percentages were calculated for categorical variables. Baseline characteristics were compared between study cohorts using weighted ANOVA for continuous variables and weighted chi-square tests for categorical variables.
Unadjusted comparisons of time-to-event outcomes between study cohorts were summarized using survival curves, with times to event censored at last contact. Analyses were stratified using groups defined by treatments received in 1L and treatment sequence settings, consistent with the groups used to stratify summaries of baseline characteristics. The survival curves corresponding to the 1L therapy and by treatment sequence were based on weighted Nelson-Aalen estimator and Kaplan-Meier estimator, respectively (because all patients in the sequencing analyses received an active 2L therapy, the outcomes associated with these sequences did not need to be adjusted with the sampling weights). Statistical comparisons were based on log-rank tests. Adjusted comparisons were based on multivariable Cox proportional hazards models, with adjustment for baseline characteristics, including age at 1L therapy initiation, gender, number of comorbidities, number of metastatic locations, duration of MPAC at 1L therapy initiation, and ECOG score, which have been identified as important prognostic factors for outcomes in MPAC [19, 20] . A subgroup analysis of OS was conducted among patients with active 2L treatment. Patients with missing baseline values were excluded from analyses. The proportional hazards assumption was tested for these models. All analyses were conducted using R Version 3.3. A two-tailed a level of 0.05 was used to assess statistical significance.
This article does not contain any new studies with human or animal subjects performed by any of the authors. We would also like to thank the participants of the study. 
RESULTS
Baseline Characteristics
A total of 215 physicians contributed chart data, representing the Mid-West (20.5%), North-East (26.5%), South (30.2%), and West (22.8%) of the USA. The majority (69.3%) were in community practice as opposed to academic practice. Charts were reviewed for 654 patients receiving either nab-P ? G or FFX as 1L therapy for MPAC. Patient baseline characteristics are described in Table 1 . The average age was 62 years with an average follow-up time of 10.7 months. On average, patients who started on 1L nab-P ? G were older and less healthy than patients started on 1L FFX, with nab-P ? G patients presenting worse performance status, higher bilirubin levels, larger number of comorbidities, and higher proportions of diabetes, ulcers, cerebrovascular, and pulmonary and cardiovascular diseases. Refers to the treatments received after diagnosis of MPAC but before 1L treatment initiation c The comorbidities considered in this study were cerebrovascular diseases, peripheral neuropathy, anemia, hematologic diseases, neutropenia, bile duct stent, biliary obstruction, chronic pancreatitis, gastrointestinal disorder, ulcer disease, cardiovascular disorder, hepatic disorder, pulmonary disease, renal disorder, other malignancies, diabetes mellitus, prediabetes or glucose intolerance, obesity, and current or former smoker
Overall Survival in First-Line Treatment
During the follow-up period, death occurred in 58.5% and 51.8% of patients who used nab-P ? G and FFX, respectively. In unadjusted analyses, there were no statistically significant OS differences among treatment groups (Fig. 1) , with an HR of 0.86, P = 0.28 for FFX versus nab-P ? G. This result was supported by adjusted analyses (HR = 0.99, P = 0.96) presented in Table 2 . Median durations of OS were 12.1 and 13.8 months following initiation of 1L nab-P ? G and FFX.
Comparing nab-P ? G and FFX among the subgroup of patients with ECOG B 1 also revealed no significant differences in OS (unadjusted HR = 1.04, P = 0.81, for FFX vs. nab-P ? G), with median durations of OS of 14.1 and 13.7 months following initiation of 1L nab-P ? G and FFX, respectively (see Supplementary Material).
Adverse Events
Patients with 1L nab-P ? G and FFX have different tolerability profiles in terms of the frequencies of the most common events and conditions recorded in medical records between these two groups (Table 3) . For instance, diarrhea, stomatitis, fatigue, mucositis, and nausea and vomiting are significantly more frequent in the FFX than nab-P ? G group. The incidence of any-grade adverse events (AEs) was not significantly different among patients who received 1L nab-P ? G or FFX (35.0% vs. 33.6%, respectively; P = 0.79; Table 3 ). Figure 2 shows the treatment sequences corresponding to patients starting on either nab-P ? G or FFX as 1L therapy for MPAC. The corresponding percentages incorporate sampling weights derived from wave 1 and the sampling scheme imposed in wave 2 to recover the true real-world distribution of treatment Among those who initiated an active 2L therapy, there were no statistically significant differences in OS based on the unadjusted analyses (HR = 0.97, P = 0.79 for FFX vs. nab-P ? G followed by active 2L therapy; Fig. 3) . Similarly, the adjusted analyses suggested no significant difference among these groups (HR = 1.04, P = 0.76; Table 2 ). The median OS was 16.3 and 16.6 months following initiation of 1L nab-P ? G and FFX, respectively. The median time to next therapy for patients who received nab-P ? G followed by an active therapy was 8.6 months, and 8.0 months for patients who received FFX followed by an active 2L therapy (log-rank P = 0.11).
Sequencing Outcomes
Comparing sequencing outcomes of nab-P ? G and FFX followed by any active 2L among the subgroup of patients with ECOG B 1 demonstrated no significant differences in OS (HR = 1.13, P = 0.42, for FFX vs. nab-P ? G), with median durations of OS of 16.6 and 16.5 months following initiation of 1L nab-P ? G and FFX, respectively. Patients who initiated an active 2L therapy were further stratified into four cohorts: (1) nab-P ? G followed by 5-FU ? nal-IRI (N = 85), (2) nab-P ? G followed by another active 2L (N = 153), (3) FFX followed by gemcitabine-based therapy ? nab-P (N = 136), and (4) FFX followed by another active 2L (N = 79). The median OS was 16.0, 16.4, 16.6, and 17.00 months for the four cohorts, respectively. There were no statistically significant differences in OS among these four cohorts in either the unadjusted or the adjusted analyses.
DISCUSSION
Real-world data on the effectiveness of and treatment patterns associated with nab-P ? G versus FFX for 1L MPAC have been limited. The current retrospective cohort study compared the effectiveness of 1L nab-P ? G versus FFX overall and under specific treatment sequences for MPAC. Charts were reviewed from a large number of physicians across the USA, representing both community practice and academic-affiliated practice settings. Across multiple comparative analyses, no significant differences were observed in OS between patients who were initiated on nab-P ? G versus FFX. Similar results were obtained in subgroup analyses focusing on patients with ECOG B 1. Among those who initiated an active 2L therapy, there were no statistically significant differences in OS between patients who received nab-P ? G or FFX as 1L therapy. When stratifying the analyses by the type of 2L therapy, the differences remained insignificant. These results are in line with two recent retrospective studies that found no statistically significant difference in the median OS of MPAC patients treated with 1L nab-P ? G or FFX [17, 18] . In addition to conducting subgroup survival analyses among patients with ECOG B 1, in the Supplementary Material we also present several subgroup analyses, including subgroup analyses for patients who did not receive adjuvant/neoadjuvant therapy for PC, patients who had metastatic disease at diagnosis, patients who were treated within academic institutions, and patients who were treated in community institutions. In line with the results in the overall population, all of these analyses consistently indicated that OS was similar in the nab-P ? G and FFX 1L cohorts. Taken together, these findings provide evidence of similar real-world effectiveness, in terms of OS, for nab-P ? G and FFX as 1L therapies for MPAC. To our knowledge, the present study represents the first real-world comparison of these therapies in a broad and representative sample of oncology practices. Previous studies based on indirect comparisons of clinical trials have also not yielded conclusive evidence of differences in efficacy between these treatments [14] [15] [16] .
The median OS values for 1L nab-P ? G and FFX in this study were larger than the ones observed in the nab-P ? G and FFX pivotal trials [9, 11] (by approximately 3.6 and 2.7 months, respectively), and also larger than results from other real-world studies, although to a lesser extent [17, 18, 21, 22] . These longer durations could be due to differences in patient populations between the current study and those in the clinical trials. For example, the racial composition in this study reflects the USA population and is similar to the one in the Von Hoff et al. study [11] but may differ from that in the Conroy et al. study [9] which was conducted in France. Additionally, the inclusion criteria in these trials were more stringent than those in the current study. The Von Hoff et al. study [11] only included patients with ECOG B 2, adequate hematologic, hepatic, and renal function, and no previous chemotherapy for MPAC, while the Conroy et al. study [9] only included patients younger than 75 years, with ECOG B 1, and adequate platelet count and renal function. These criteria might have resulted in the inclusion of a healthier and more homogenous population of patients in the clinical trials than the one in this study. Moreover, differences in treatment patterns (dosing and frequency) and/or improved supportive care over time in the real-world versus clinical trial settings might also help explain the longer survival times in this study.
Consistent with a recent retrospective study [16] and previous clinical trials [9, 11] , the frequencies of the most commonly reported AEs were higher among patients with 1L FFX than those with nab-P ? G. The frequency of neutropenia in our study was not statistically different among the two 1L cohorts.
Among patients who received an active 2L therapy, two-thirds of those who were initiated on nab-P ? G received a 5-FU-based 2L regimen, whereas a larger majority (82.8%) of those that were initiated on FFX received a gemcitabinebased 2L regimen, with most of the remainder receiving 5-FU ? nal-IRI. These sequencing results are roughly in line with NCCN guidelines [3] , which recommend 5-FU-based therapy (or radiation therapy) as 2L for those previously treated with gemcitabine-based therapy, whereas, if previously treated with 5-FU-based therapy, the recommended 2L therapies include gemcitabine-based therapy, 5-FU ? nal-IRI, or radiation therapy. In contrast with guidelines, however, about one quarter of the patients initiated on nab-P ? G received a gemcitabinebased 2L therapy.
The current study design has a number of strengths, including the use of real-world data that complements the evidence from clinical trials, as patients in randomized controlled trials do not always reflect real-world populations. The charts in this study are from a nationally representative sample of physicians from both community and academic practice. Moreover, the current design captured a more diverse study population than clinical trials studying similar therapies because of less restrictive patient selection criteria.
As a retrospective study of non-randomized treatment assignments, this study is subject to important limitations. Firstly, comparisons of outcomes associated with different treatments may be confounded by measured or unmeasured pre-treatment differences between groups. In addition, there may be biases due to retrospective, as opposed to prospective, sampling (e.g., selection bias, recall bias, and non-random missing data). However, we expect that any effects these biases may have on the survival data would affect both 1L treatment cohorts in a similar way, such that the estimated comparative effectiveness (measured by the OS hazard ratios) is in fact valid. Nonetheless, the present study design aimed to mitigate these limitations by adjusting for multiple prognostic factors in the comparative analyses, and by using a randomization algorithm for physicians to sample eligible patients. In this study we did not evaluate information regarding the dosing schedule of the different regimes, which would be an important topic for future analyses. The recording of AEs in charts may be heterogeneous across practices, and less standardized than in a clinical trial setting. However, we think that presenting these data is valuable, as it provides insights into the safety profiles of these regimens in real-world settings, and enables a more balanced view of the comparison between nab-P ? G and FFX that considers both efficacy and safety endpoints. Moreover, any bias in the recording of AEs by physicians is likely to impact both cohorts similarly. In addition, the comparative frequencies of the most commonly reported AEs in the current study are consistent with the data reported in the pivotal clinical trials [9, 11] .
CONCLUSION
Using a nationwide sample of MPAC patients, we observed that those receiving either nab-P ? G or FFX as 1L therapy exhibited similar real-world outcomes in terms of OS. Similar outcomes following these 1L treatments were also observed within the subpopulation of patients who went on to receive active 2L treatments.
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